WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
H04B 7/005 



Al 



(11) International Publication Number: WO 00/60763 

(43) Internati nal Publication Date: 12 October 2000 (12.10.00) 



(21) International Application Number: PCT/EP99/02307 

(22) International Filing Date: 30 March 1999 (30.03.99) 



(71) Applicant (for all designated States except US): NOKIA 

NETWORKS OY [FI/FI]; Keilalahdentie 4, FIN-02150 
Espoo (FI). 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SIPILA, Kari [FI/FI]; Hi- 
irisuontie 1 1 B 2, FIN-01690 Vantaa (FI). 

(74) Agents: STYLE. Kelda, Camilla, Karen et ah; Page White & 
Farrcr, 54 Doughty Street, London WC1N 2LS (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GE, 
GH, GM, HR, HU, ID, IL, IS, JP, KE, KG, KP, KR, KZ, 
LC, LK, LR, LS, LT, LU, LV, MD, MG, MK, MN, MW, 
MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL, 
TJ, TM, TO, TT, UA, UG, US, UZ, VN, YU, ZW, ARIPO 
patent (GH, GM, KE, LS, MW, SD, SL, SZ, UG, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent (BF, 
BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, 
TD, TG). 



Published 

With international search report. 



(54) Tide: ESTIMATION OF SIGNAL TO INTERFERENCE RATIO IN A MOBILE COMMUNICATION SYSTEM 



INPUT 
SIGNAL 



ll 



RAKE 1 



1 1 a ; (t) 



RAKE 2 



1 1 a,_Ct) 



RAKE L 




52 



SIR = S/I 



(~pY$ SIR TO 
1 TPC 



COMBINED 
OUtPUT SIGNAL 
TO BIT DETECT / DECODE 



(57) Abstract 

Estimation of a signal to interference ratio in a cellular communications system is described wherein an estimate for interference is 
the weighted sum of individual interference estimates along each of a plurality of multi-paths, weighted according to estimates f the signal 
power, likewise along each of a plurality of multi-paths. 
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ESTIMATION OF SIGNAL TO INTERFERENCE RATIO 
IN A MOBILE COMMUNICATION SYSTEM 

The present invention relates to estimation of a signal to 
interference ratio (SIR) in a mobile communication system, 
particularly where an .RF signal is received at a second station 
along a plurality of multi -paths from a first station. 

The invention is particularly but not exclusively concerned with 
a WCDMA communication system (wide band code division 
multiplexed) in which an information signal is encoded for 
transmission by modulating data symbols to be transmitted using 
a unique spreading code for each channel. Spreading codes 
transmitted on the downlink from a base station are preferably 
orthogonal to reduce interference between signals sent to a 
plurality of diff erent - mobile stations. 

This has the effect that a signal received at any particular 
mobile station contains not only the information destined for 
that mobile station itself, but also interference constituted by 
signals destined for other mobile stations in the network. This 
interference can include communication channels I 0R within the 
same cell as the mobile ^station in question, but can also include 
interference from outside that cell I oc . Moreover, in travelling 
from the base station to "the mobile station, the signal may well 
have travelled along a plurality of multi -paths depending on the 
environment in which the cellular communication system is 
located. That is, the multi -paths are dependent on obstructions, 
reflections etc between the 'base' station and the relevant mobile 
station. In a known wideband CDMA terminal, the so-called 
wideband signal (that is the signal transmitted between the base 
station and the mobile station including a number of 
communication channels overlaid one on the other) is supplied to 
a plurality of rake fingers which each generate a narrowband 
signal by despreading the information contained in the signal 
using the unique spreading code for that particular communication 
channel. A plurality of narrowband signals are generated 
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representing the -signal received along each of the plurality of 
multi-paths. Of course, it is not possible to determine 
precisely the nature of the mult i -paths travelled by the 
information signal between the base station and the mobile 
station, so the number of rake fingers is selected according to 
the particular environment in an attempt to make an estimate of 
the likely number of paths involved. A synchronisation unit 
attempts to determine on receipt of the signal the number of 
paths and the phase difference between the paths to supply this 
information to each rake finger. 

The known wideband CDMA terminal also includes a fast closed loop 
power control (TPC) which generates a power control bit which is 
transmitted from the mobile station to the base station to 
control the transmission power on the downlink so that the 
downlink signal is received at a level which ensures proper 
decoding of the information. This fast closed loop power control 
utilises an SIR estimate to determine how the TPC bit should be 
set. 

The aim of the fast loop power control is to maintain the signal 
quality, that is the ratio of the required information signal 
level with respect to noise level, as stable as possible while 
minimising transmission power of the base station. This requires 
an accurate estimate of the required information signal level 
with respect to the interference received from other channels 
within the same cell or from other cells. 

One attempt which has been made to produce an SIR estimate is to 
use the wideband signal (before despreading) in estimating the 
interference part of SIR. However, on the downlink th±s does not 
take into account the effect of providing a plurality of 
orthogonal spreading codes ^within each cell. For example, if 
there is a single path channel and the mobile terminal is close 
to the serving base station, the signal to interference ratio is 
badly underestimated because all the interference from the 
serving base station is included in the wideband interference 
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dividing the resultant sum by the combined power estimate. 

In addition to code division multiplexing, the signal can be 
transmitted in a sequence of time slots as in a TDMA system. -In 
the case where the signal, to interference ratio is used at the 
second station to generate a power control bit for transmission 
to the first station to control the transmitted power from the 
first station to the second station, the signal to interference 
ratio can be calculated in a first time slot, and the power 
control bit used to control the transmission power on the 
downlink in a subsequent time slot. 

According to another aspect of the present invention there is 
provided circuitry for estimating a signal to interference ratio 
in a cellular -communication system wherein a signal is 
transmitted from a first station to a second station along a 
plurality of different paths, the circuitry comprising: means for 
estimating the power level and interference of the signal 
received along each path; .means for generating a combined power 
estimate by summing the estimates of the power levels received 
for each the paths; and a signal to interference ratio generator 
for generating the signal to interference ratio (SIR) as the 
ratio of the combined power estimate by a combined interference 
estimate which is the sum over all the paths of the interference 
estimates weighted by the. respective estimated power level for 
that path divided by the combined power estimate. 

The signal to interference generator can include means for 
generating the combined" interference estimate by weighting the 
interference estimate for eaqh path by the estimated power level 
for that path, summing the weighted interference estimates over 
all of the paths and dividing the resultant sum by the signal 
estimate. 

According to a further aspect of the invention there is provided 
a mobile station which comprises circuitry for estimating a 
signal to interference ratio in a cellular communication system 



BNSDOCID: <WO 0060763A 1 I > 



WO 00/60763 



PCT/EP99/02307 



3 

estimate , although in fact this is cancelled from the signal 
after the despreading operation because all orthogonal codes 
apart from the unique spreading code have been removed from the 
generated narrowband signals. 

■ .-i ■ - 

According to another attempt, an average narrowband interference 

is used as the interference estimate.-; -This is an improvement on 

the use of the wideband signal, but only takes into account the 

average orthogonality in the case of equally strong multi-paths. 

In a more realistic situation where the signal power levels 

received al.ong a plurality of mult i -paths are likely to be quite 

disparate, the SIR is underestimated. 

It is an aim of the present invention to provide an improved 
estimate of SIR which correctly takes into account the use of 
orthogonal spreading codes in a mult i -path environment within a 
cellular communication system. 

According to one aspect of the present invention there is 
provided a method of estimating -a signal to interference ratio 
in a cellular communication system wherein a signal is 
transmitted from a first station to a second station along a 
plurality of different paths, the method comprising: estimating 
the power level of the signal received along each path; 
estimating the interference in the signal received along each 
path; generating a combined power estimate by summing the 
estimates of power levels received for all the paths; and 
generating the signal to interference ratio (SIR) as the ratio 
of the combined power estimate by a combined interference 
estimate which is the sum oyer all the paths of the interference 
estimates weighted by the respective estimated power' level for 
that path divided by the combined power estimate. 

Generation of the SIR can include generating the combined 
interference estimate by weighting the interference estimate for 
each path by the estimated power level for that path, summing the 
weighted interference estimates over all of the paths and 
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wherein a signal- is transmitted from a first station to a second 
station along a plurality of different paths, the circuitry 
comprising: means for estimating the power level and interference 
of the signal received along each path; means for generating a 
combined power estimate by summing the estimates of the power 
levels received for each the paths; and a signal to interference 
ratio generator for generating the signal to interference ratio 
as the ratio of the combined power estimate by a combined 
interference estimate which is the sum over all the paths of the 
interference estimates weighted by the respective estimated power 
level for that path divided by the combined power estimate. 

The embodiment described herein describes the case on the 
downlink in a mobile communications system. That is, the receive 
circuitry illustrated in Figure 3 is located within the mobile 
station for receiving signals from the base station. However,, 
the technique described herein for SIR estimation could also be 
used on the uplink, that is on the receive side of the base 
station . 

For a better understanding of the present invention and to show 
how the same may be carried into effect, reference will now be„ 
made by way . of _example_„to. the accompanying drawings in which: 

Figure 1 is a schematic diagram of a cellular communications 
network; 

Figure 2 is a schematic diagram illustrating multi-path 
communication between a base station and a mobile station; 

Figure 3 is a block diagram of incoming components on the 
receive side of. a mobil.e.^station; 

Figure 4 is a diagram illustrating an Embodiment of the 
present invention ; 

Figure 5 is a block diagram illustrating the fast closed 
power control loop; and 

Figure 6 is a graph comparing the SIR estimate described 
herein with a known SIR estimate. 
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Figure 1 is a schematic diagram illustrating a context for use 
of the present invention. That is, a CDMA mobile communication 
system can be used in a cellular network consisting of cells 
which are indicated by the dotted lines in Figure 1. Although 
the cells are indicated hexagonal in Figure 1, they can be any 
convenient shape. Each cell is served by a base station BTS, 
with one base station serving three cells in the arrangement of 
Figure 1. A CDMA mobile communication system allows a plurality 
of mobile stations MS1,MS2,MS3 to communicate with a base station 
BTS1 in a single cell CELL1, via respective channels CHI, CH2 , CH3 . 
The channels are distinguished from one another by the use of 
spreading codes in a manner which is known per se. Taking as an 
example the mobile station MS 3 which is communicating with the 
base station BTS1 via the channel CH3 , this mobile station in 
fact receives a multitude of signals. This is shown in more 
detail in Figure 2. Firstly, the mobile station MS3 receives its 
own information signal S via a plurality of different paths 
dl,d2,d3 due to obstructions, reflections etc from artifacts 
within the cell itself. There may be only a single path or a 
plurality of such paths but it will be clear that the effect of 
this where there is more than one path is that the signal S 
arrives at the mobile station with respectively different phase 
differences depending on the path length. In addition, the 
mobile station MS 3 receives interference I 0R which is constituted 
by other signals transmitted from the base station BTS1, in 
particular in the example of Figure 1, the interference I 0R 
includes the channels CH1,CH2 intended for communication with the 
other mobile stations MS1,MS2 in. the cell. A further cause of 
interference are signals from other cells in the network, 
labelled I oc in Figures 1 and 2 . Finally, the mobile station MS3 
receives noise N. v: " 

It will be appreciated that I 0C ,I 0R are normally indicated in 
units of power, the terms are used herein to denote the nature 
of the interference, and therefore can be considered as signal 
levels or signals as the context demands. 
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The receiving circuitry within the mobile station will now be 
described with reference to Figure 3. Signals incoming at an 
antenna 30 are received by an RF unit 28 and supplied to an 
analogue to digital (A/D) converter 32. As has already been 
mentioned a signal may arrive at the mobile station having 
experienced multi -paths with differing propagation delays dn. 
The A/D converter 32 "supplies the digital input signal to a 
synchronisation unit 34 and to each of a number of despreaders 
36a, 36b, 36c. The number of despreaders depends on the likely 
number of paths experienced by the signal from the base station 
to the mobile station and is thus dependent on the environment. 
The synchronisation unit 34 handles the synchronisation of the 
mobile station to the base station BTS after power has been 
turned on and in the case of handovers . This includes searching 4 
for signals which -have been transmitted with the unique spreading 
code for that mobile station. Thus, the synchronisation unit 34 
receives the unique code from a code generator 22 . That code is 
used to spread the signal using a spreader 20 on the transmit 
side prior to transmission. To perform the search function/ the 
synchronisation unit 34 utilises the unique code from the code 
generator 22 and correlates it with the incoming signal until a. 
strong correlation is, detected. After the synchronisation 
procedure is completed, a dedicated traffic channel can be 
established. The synchronisation unit also deals with estimation 
of the propagation delays dn in order to be able to provide each 
despreader 3 6a, 36b, 3 6c with required spreading code phases <f>. 
The phase value of the strongest correlation is supplied to the 
first despreader 3 6a and the process is continued to supply 
respective phase values <j> to the remaining despreaders 3 6b and 
36c. Each despreader includes a respective code generator, which 
despreads the signal in accordance with thd ; determined phase 
difference. In addition, each despreader 36a to 36c include a 
channel estimator which produces for each despreader an amplitude 
estimate a* and an interference estimate a t 2 estimated as the 
variance around ai . The despread narrowband signal produced by 
each despreader is referred to as x*. 
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Reference will now be made to Figure 4 . In Figure 4 , each 
despreader is referred to as a rake finger RAKE1 , RAKE2 etc and 
a possible L rake fingers are illustrated. As already mentioned, 
each rake finger produces a narrowband signal x i(t) , together with 
an amplitude estimate a i<t) and an estimate of narrowband 
interference as the variance around a^ Each rake finger is 
associated with a multiplier 40 lt $0 2 etc which multiplier each 
narrowband signal Xi by its estimated amplitude a^ The 
resulting multiplicands are supplied to a coherent combiner 50 
which generates a combined signal for subsequent demodulation, 
bit detection and decoding in a manner known per se and which 
will not be described further herein. Each rake finger is also 
associated with a further multiplier 42 x ,42 2 ... 42 x which 
multiplies the square of the amplitude estimate representing the 
power level for each rake finger by the narrowband interference 
estimate for that rake finger. A first adder 44 generates a 
first value by summing together the outputs of the multipliers 
42. A second adder 46 receives the power estimates for each rake 
finger generated by squaring the amplitude estimates a^ It 
provides the sum of the power estimates, squared as a second 
value to an SIR estimator 52 which also receives the first value. 
Then, according to this embodiment of the invention: 



[£kf] ! 




Equation 1 



i.e. the signal power S is the sum of the estimated powers from 
the rake fingers and the interference I is the weighted average 
of interference estimates of the rake fingers, the weights being 
the signal power estimates. 
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Figure 5 illustrates how the SIR estimate from the SIR estimator 
52 is used to control the transmitted power level on the downlink 
from the base station BTS to the mobile station MS. Reference 
numeral 100 denotes. the receiving circuitry at the mobile station 
as illustrated above with reference to Figures 3 and 4 and in 
particular including the SIR estimator 52 . The SIR value which 
is estimated by the SIR estimator 52 is supplied to a TPC bit 
generator 102 which compares the SIR estimate with an SIR 
threshold which is supplied from an outer loop power control. 
If the SIR estimate is less than the SIR threshold, the power 
control bit TPC is set to one, otherwise, the power control bit 
TPC is set to zero. The power control bit TPC is supplied to a 
multiplexor 106 where it is multiplexed with user data to be 
transmitted by the mobile station on the uplink propagation 
channel. At .the - BTS, the receive signal is processed and the 
power control bit TPC is extracted from the user data. The user 
data is supplied to elements in the base station BTS for decoding 
etc. The power control bit TPC is used at the base station BTS 
to control the power of the signal transmitted on the downlink 
to the mobile station* MS. This is carried out in a power control 
block 108. The transmission power is referred -to herein as Ptx. 
The power control is established by setting a power differential 
delta (dB) by which the original transmission power Ptx is 
augmented if the power control bit TPC is equal to one, and 
reduced otherwise. Thus,: 

if TPC bit » one 
Ptx = PtxOld + delta (dB) 
else 

Ptx = PtxOld - delta (d?) 

The original transmission power PtxOld is supplied to the power 
control block 108 after a one slot delay denoted diagrammatical ly 
with block 110. The new transmission power Ptx is supplied to 
a transmission block 110 which forms the transmitted signal to 
the mobile station by using the new transmission power. 
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Elements within the transmission block 110 at the base station 
BTS are known to a person skilled in the art and are therefore 
not described further herein. It will be appreciated that the 
block 110 illustrates the transmission circuit for one channel 
of the BTS . The signal which is finally transmitted from the 
base station BTS also includes signals from other channels of the 
BTS. The combined signal is supplied to the mobile station via 
the downlink propagation channel. 

Figure 6 is a graph which illustrates the difference between the 
SIR estimate as described in the preferred embodiment herein, and 
a formerly used SIR estimate in which: 



SIR=S1I, with and 1= iZ-fCTi 2 , where L is the number of 



RAKE fingers, iaj 2 are the power estimates of each finger and 
are the (narrowband) interference estimates of each finger. 

In Figure 6 , it is supposed that there are two mult i -paths having 
different power level differences A between the paths. 



2 





L i=l 
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CLAIMS : 

1. A method of estimating a signal to interference ratio in a 
cellular communication system wherein a signal is transmitted 
from a first station to a second station along a plurality of 
different paths, the method comprising: 

estimating the power level of the signal received along each 

path; 

estimating the interference in the signal received along 
each path; 

generating a combined power estimate by summing the 
estimates of power levels received for all the paths; and 

generating the signal to interference ratio (SIR) as the 
ratio of the combined power estimate by a combined interference 
estimate which is-the sum over all the paths of the interference 
estimates weighted by the respective estimated power level for 
that path divided by the combined power estimate. 

2. A method according to claim 1, wherein the signal to 
interference ratio is used at the second station to generate a 
power control bit for transmission to the first station to 
control the transmitted power from the first station to the 
second station. 

3. A method according to claim 1 or 2, wherein the first 
station is a base station and the second station is a mobile 
station . 

4. A method according to' any preceding claim, wherein the 
signal transmitted from the first station to the second station 
includes information on a communication channel defined by a 
unique spreading code for the second station. 

5. A method according to claim 4, wherein the. signal 
transmitted from the first station to the second station includes 
a plurality of communication channels, each channel including 
information spread by a respective spreading code, said spreading 
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codes being orthogonal to reduce interference. 

6. A method according to claim 4 or 5, which comprises the step 
of despreading the communication channel intended for the second 
station using the unique spreading code for the second station, 
prior to estimating the power level and interference along each 
path. 

7. A method according to any preceding claim, wherein the 
signal is transmitted in a sequence of time slots, the signal to 
interference ratio being generated for each time slot . 

8. A method according to claims 2 and 7, wherein the power 
control bit generated in one time slot is used to control the 
transmitted power- from the first station to the second station 
in a subsequent time slot . 

9 . Circuitry for estimating a signal to interference ratio in 
a cellular communication system wherein a signal is transmitted 
from a first station to a second station along a plurality of 
different paths, the circuitry comprising: 

means for estimating the power level and interference of the 
signal received along each path; 

means for generating a combined power estimate by summing 
the estimates of . the power levels received for each the paths; 
and 

a signal to interference ratio generator for generating the 
signal to interference ratio (SIR) as the ratio of the combined 
power estimate by a combined interference estimate which is the 
sum over all the paths of the interference estimates weighted by 
the respective estimated power level for that path div±ded by the 
combined power estimate. 

10. Circuitry according to claim 9, wherein the means for 
estimating the power level and interference of the signal 
received along each path comprises a plurality of rake fingers. 
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11. Circuitry according to claim 9 or 10, which comprises a 
power control bit generator which uses the signal to interference 
ratio, for generating a power-control bit for transmission to the 
first station to control the transmitted power from the first 
station to the second station. 

12. - Circuitry according to claim 11, which includes a 
multiplexor for multiplexing the power control bit with user data 
for inclusion in the signal transmitted from the second station 
to the first station. 

13. A mobile station which comprises circuitry for estimating 
a signal to interference -ratio in a cellular communication system' 
wherein a signal is transmitted from a first station to a second 
station along a -plurality of different paths, the circuitry 
comprising : 

means for estimating the power level and interference of the 
signal received along each path; 

means for generating a combined power estimate by summing 
the estimates of the power levels received for each the paths; 
and 

a signal to interference ratio generator for generating the 
signal to interference ratio as the ratio of the combined power 
estimate by a combined interference estimate which is the sum 
over all the paths of the interference estimates weighted by the 
respective estimated power level for that path divided by the 
combined power estimate. 
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